Abstract-In this paper, The kinematics and dynamics model of autonomous surface vessels (ASV) is established for the trajectory tracking control of ASV. A trajectory tracking control law is proposed by the sliding mode variable structure control method. Through theoretic analysis, the control law can guarantee the asymptotic stability of the trajectory tracking of ASV. The simulation results show that the proposed method is effective.
With two actuator inputs, autonomous surface vessels (ASV) are generally considered as vehicles since they posse three degrees freedom. Tracking control of under-actuated vehicles has received wide attention scholars. For ASV, tracking trajectory is difficult to implement since the system has underactuated characteristics and the model is highly nonlinear. Most of the current studies focus on output feedback linearization [1] [2] , backstepping [3] , Lyapunov direct method [4] and sliding mode control.
According to the nonlinear dynamics model and the kinematic model of ASV, a method based on sliding mode control is proposed to solve the trajectory tracking problem of ASV. We use two sliding surfaces for calculation of the propeller forces. The first sliding surface is a first-order surface in terms of the surge-velocity tracking errors and the second sliding surface is the first-order yaw angular velocity tracking errors. By measuring the absolute position and orientation of the ship, the surge, sway and yaw angular velocities are calculated. The stability of the trajectory tracking is proved by using Lyapunov's theorem, and the validity of the proposed control method is verified by theoretical analysis and simulation experiments. The general spatial equations for ASV can be found in [5] .In (2) III. SLIDING MODE CONTROL LAW Sliding mode variable structure control [2] is a kind of discontinuous control method, which can force the system to move to the equilibrium point along the specified sliding surface. It has good self-adaptability to external disturbance and parameter uncertainty.
In the sliding mode control method, we first need to define the asymptotic stabilizing sliding surface(S) of the tracking error function so that all state trajectories reach the sliding surface in finite time and move along the sliding surface (S = 0) until convergence to equilibrium point. A Lyapunov function as
If the time derivative is negative, then the system satisfies the Lyapunov stability theory. For the ASV, two sliding surfaces are defined to determine the control input, so the reach-ability condition of each sliding mode is [6] 
which i η is a positive constant.
A. Surge Control Law
The sliding surface is a first-order surface in terms of the surge-velocity tracking errors 
the symbol " ∧ "is used to the estimated model parameters. In order to improve the system, we define an approximate sliding-mode control law using a high-slope saturation function as in [7] 
where φ is a positive constant which defines a small boundary layer around the surface.
In order to determine 1 k , define uncertain boundary of model parameters and environmental interference in (2) as
Define a Lyapunov candidate function
The time derivative of (10) can be derived IV. SIMULATION AND RESULTS ANALYSIS In order to verify the effectiveness of the proposed control law, the following numerical simulation example of a surface vessel model with two independent propeller, the ship model specific parameters are as follows [8] V. CONCLUSION In this paper, a sliding mode control law is proposed to solve the trajectory tracking problem of an underactuated surface vessel with only a surge force and a yaw moment. By using a first-order sliding surface in the terms of surge tracking errors and a first-order sliding surface in the terms of angular velocity tracking errors, we obtain the input control law. Ellipse trajectory tracking example demonstrates the effectiveness of the suggested approach.
